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ABSTRACT 

Well-preserved Permian radiolarians are présent in a limestone lens at Arrow 

Rocks in the Wliangaroa Area within Waipapa Terrane, New Zealand. This 

fauna conrains eighr species of albaillellarians» six species cl genus 

Follkucullus and wo of Pseudoalbaillella, and is Lare Middle lo Early Late 

Permian in âge. In the Whangaraa Area, bAsalti» are probably as old as 

Middle Permian. whilc cherts arc mosily Latc Permian. AJthough the radio- 

larian launa frum Arrow Rocks cuinains twn new species oFFoUicucuUus, this 

fauna can nevcnheless bc assigncd a low-Iatitude origin. Two new species» 

Folliamillus iphuiricfd and Follkucullus luhangaronetisis, arc described. 

MOTS CLÉS 
Radiolaire, 

Ibaillellarides. 
Permien, 

Nouvelle Zélande, 
Waip^a Tcnane, 

Follicticiillm^  

Arrow Rocks, 
nouvelles espèces. 

RESUMJÉ 
Albaillellaridés (radiolaires) permiens d'un banc calcaire à Arrow Rocks dans la 

Waipapa Terrane (Nouvelle Zélande septentrionale). 

Des radiolaires permiens bien conservés ont été trouvés dans un banc calcaire 

a Arrow Rock.s dans la région de Whangaroa de la Waipapa Terrane, 

Nouvelle Zélande. Certe faune conrienr huir espèces d'albaillcilaridés, six 

espèces du genre FolUcucitllns et deux de Fseudoalhuillclliiy et est d'âge 

Permien moyen à début Permien supérieur. Dans b région de Whangaroa, 

les basaltes sont probablement aussi anciens que le Permien moyen, alors que 

le.s chens sont principalement Permien supérieur. Bien que la faune a ladio- 

laircs à Arrow Rocks contiennent deux nouvelles espèces de F'ollicucullus, 

cette faune peut néanmoins être considérée comme de basse latitude. Deux 

nouvelles espèces, Follkucullus sphaericus et Follkucullus whangarodensis. sont 

décrites. 

INTRODUCTION 

Our knowledge of Permian radiolarians has 

significantly incrcascd since Oimiston 

Babcock (1979) described genus Follicucullus 

from Guadalupian scquence.s in West Texas. 

After this pioneering research, taxononty and 

biostratigrapliy ol Permian launa devejoped 

rapidly in the Llnited States, Russia and Japan 

(e.g., Holdsworth dé Jones 1980  ̂Ishiga & Inioto 

1980; Takemura & Nakaseko 1981; Ishigâ cl al. 

1982a, b; Nazarov & Ormiston 1986; Ishiga 

1986). Most of this Work was. however, doue in 

the northern hemisphere, and most Permian 

radiolarians recorded from the Southern hémis¬ 

phère are from New Zealand. 

Permian radiolarians are known froni only a fcw 

fossil local itie.S in New Zealand, one of which is 

Red Rocks near Wellington m Torlesse Terrane 

(Fig. 1), where Grapes et al. (1990) reported 

Middle Permian radiolarians from bedded chert. 

The other localities are concenrrated within the 

Whangaroa Area in the northern Waipapa 

Terrane. Révérai radiolârian locâlines of bedded 

chert and limestone hâve been reported from this 

area, géologie âge of which ranges fa>m Middle 

to Late Permian (Caridroit & Ferrière 1988; 

Adachi 1988; Takemura et ai 1998). 

We have made geological and biostratigraphic 

surveys in the Whangaroa Area ( 1995-1996), and 

liaVc alrcady reported the occurrence of Permian 

and Triassic radiolarians from this area. At Arrow 

Rocks, an almost conçinuous section from basait 

with limestone, bedded chert to siliceous mudsto- 

ne is exposed, Well-preserved radiolarians are |)re- 

senc in a lirnesrone lens within spiliric basait, the 

âge of which is Middle to Late Permian 

(Takemura et al. 1998). This fauna includes seve- 

ral albaillellarian species of the généra 

Follicucîillus Ormiston &; Babcock, 1979 and a 
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175°E 

Fig. 1. — Index map of the North Island, New Zealand, showing the distribution of terranes (Aita & Spôrli 1992) and the location of 
the Whangaroa Area, as well as Red Rock near Wellington. 
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few of Pseudoalbaillella Holdsworth àc Jones, 

1980. We describe albaillellarians of this fauna, 

including two newspecies ofgenus Follicucullus. 

GEOLOGICAL SETTING, STRATIGRAPHY 

AND METHOD 

Basement of New Zcaland North Island consists 

mostly of five lirJiostratigraphic units, Murihiku, 

Dun Mountain, Waipapa, Torlesse and Mata 

River Terranes {Aita & Spôrli 1992; Fig. 1). 

These terranes becomes younger in geological 

âge from west to cast, and the lattcr three, 

Waipapa. TorJesse and Mata River, aie Mesozoic 

accretionar) ̂complexes. 

The Whangaroa Area (Figs 1. 2) is situated at 

about 90 km northwest of Whangarci in 

Northland. This area belongs to the northern 

part of Waipapa Terrane, which is composed 

mostly of terrigenous clastic rocks associated 

with spilitic basait, chcrt and argillites. 

Geological âge of the northern part of this terra¬ 

ne is Permian to Triassic, based on radiolarians 

and fusulinids (Aita & Spôrli 1992; Takemura et 

ai 1998). 

The Waipapa Tcrranc rocks in the Wliangaroa 

Area consists of massive to thick bcddcd sandsto- 

ne (greywackc), spïlicic basale, bedded chcrt, 

green siliccous mudstone (argillite) and liniesto- 

ne lenses within basait (Fig, 2). Prior to this 

study, more chan six locahnes of Permian fossils 

were known from chert and limestone in this 

area. Radiolarian fossils show Middle to Late 

Permian âge from five locaiitics (Caridroit &  

Ferrière 1988; Adachi 1988; Takemura et al. 

1998). L.cvcn &: Granr-Mackie (1997) dcscribed 

fusulinids from limesTonc Icnscs at Wherowhcro 

Point (Fig. 2), the samc locality from which 

Hornibrook (1951) reported fusulinids. Thcy 

concluded that rhe hisulinid fauna belonged to 

Yabeina-Lepidolina zone and thcrcforc is part of 

the Midian Stage of Tcthyan Rcalm. They al.so 

mentioncd the paleogeographic relationship of 

this fauna with casteni Asia. At Mahinepua 

Peninsula about 5 km cast of the Wherowhcro 

Point, very wcll-preserved Ttiassic radiolarians 

occur in the phosphatic nodules within green 

siliceous mudstone (Aita & Bragin 1999). 

rhe material studied in this p;tper was obrained 

at Arrow Rocks (Oruatemanu Island), a small 

island located wirhin Whangaroa Bay, north of 

Whangaroa Harbour (Fig, 2). The Grid 

Référencé for Arrow Rocks, based on the New 

Zealand 1:50,000 topographie map, îs P04 & 

Q04/837895 corresponding to latitude 

34'^59.7Ti and longitude I73°46.8^E. On this 

small island, we hâve observed a 135 m thick 

seemingly continuous section composed of spili¬ 

tic basait witb limestone layers, bedded chert, 

and red, maroon and green siliceous mudstones. 

Takemura et al. (1998) made a preliminary 

report on the lithostratigraphy of this scqucnce, 

and divided it into cight lithological unirs 

(Fig. 3). Ficld observation of lithologics and 

thickness in these units in ascending order is as 

the foUows: 

— Unir 1: spilitic basait with limestone lenses, 

31.5 m; 

— Unit 2: bedded chert, 11 m; 

— Unit 3: alternation of cbert and black shale, 

1 m; 

— Unit 4: red siliceous mudstone and red chert 

with manganese-rich layers, 6.6 m; 

— Unit 5; red siliccous mudstone with chin red 

chert, 17.2 m; 

— Unit 6: maroon chert and siliceous mudstone, 

29.5 m; 

— Unit 7. alternation of maroon and green sili¬ 

ceous mudstone, 11.2 m; 

— finit  8: green siliceous mudstone with vitric 

tuffs, 27 m. 

Within this sequence, we observed no significant 

faulting excepr between Units 2 and 3. 

Boundaries bciwecn the units descrihed above 

arc conformable and appear to represent cond- 

nuoLLs déposition. 

Takemura et ai (1998) report the occurrence of 

Late Permian Radiolaria including AUniillella tri- 

angularis Ishiga, Kiro âc Imoto, 1982 and 

Hegleria sp. in a bedded chert sample (ARR-7) 

within Unit 2. The horizon of ARR-7 lies about 

10 m above that oi ARR-1 (Fig. 3). Triassic 

radiolarians such as Pareyitacttnta (Dumitrica, 

Archaeosemafitis (Dumitrica, 1978) and 

forms belonging to genus Glomeropyle (Aita & 

Bragin 1999) are présent in siliceous mudstones 

within Units 6 and 8. 

754 GEODIVERSITAS * 1999 • 21 (4) 



Permian Radiolaria from Arrow Rocks, New Zealand 

spititic basait chert 
green sifioeous massive 

shale sandstone 

Fig. 2. — Pemiian and Triassic fossil localities in lhe Whangaroa Area. X. fossil localilies. Perntian radiolarians from limestone 
and bedded chéri at Arrow Rocks (Takemura et af. 1998 and this study); 2. Permian radiolanans from bedded chert al Kairawaru 
Bay {Caridroit & Ferrière 1988; Adachi 1988); 3. Permian radlolarians from limestone and chert at west of Mahinepua Peninsula 
(Takemura et al. 1998); 4, Triassic radiolarians from phosphate nodules in green argillite at the Mahinepua Section (Alla & Bragtn 
1999); 5. Permian fusulintds from limostones at Wherowhero Point (Hornibrook 1951; Leven & Grant-Mackie 1997). 

The material treated in this study is a limestone 

lens (ARR-1) wichin Unit 1. The unit includcs 

four red, pale red or white limestone layers, 0.7 

ro 2 m thiclc, intercalated wichin basalts, which 

are usually green grey lo green coioured, massive 

or showing pillow structure, or .sometimes are 

fragmentai. ARR-1 is a purple grey coioured. 

laminated limestone lens, situated at about 24 m 

above the base horizon. This lens is intercalated 

just below lhe uppermost red limestone laycr 

within Unit l (24-26 m. Fig. 3). 

ARR-1 coniains numerous radiolarian shells, but 

they hâve been altcrcd bv CàCO  ̂so rhat we 

obeained no or very few residues by extraction 

using diluted hydrochloric, nitric or aceric acids. 

As a resLilr nf this  ̂ir was decided to process the 

sample using diluted hydrofluoric acid (HF, 1 to 

3%) for about 20 hours. We successfully recove- 

red residues inckiding radiolarians by chis pro- 

cess, but the préservation was nor good enough 

for détermination of spccics. The samc sample 

was then again processed by diluted nitric acid 

(HNO3, 1 to 2%) for up to 24 hours. After this 

step, we were able ro obtain well-pre.scrved 

radiolarian shells. Although otlier acids such as 

hydrofluoric, hydrochloric or acetic acids were 

tried lor the second step after HF, the best pré¬ 

servation was achieved by using nitric acid. 

RAHI01.AR1AN FAUNA FROM ARROW 

ROCKS AND GEOLOGIC AGE 

OF BASALT-CHER'r SEQUENCE 

IN THE WHANGAROA AREA 

The limestone Ions sample (ARR-1) contains wclk 

pre.ser\cd albaillellafian fauna. The fauna includcs 

six spccies of genus Follicuçtdlm and cwo of genus 

PseudoiübailUlh (Figs 4, 3). Ishiga (1986, 1991) 

established Permian radiolarian zonation bascd on 

die ranges of albaitlellarîans from mosfly bedded 

chert seqtiences in Southwest lapan. His zonation 

is applicable for the ARR-1 tauna, bccause many 

albaillellarians from our sample were alrcady 

included within Ishigas zonation. 

Among these albalJlc!lartan.s wiih conicaJ shells 

investigated by Ishiga (1986, 1991), Pseudo* 

albailleUa fuiifornn^ (Holdsworth 6c Joncs, 

1980), P aft. longicomis of Ishiga et aL (I982a)> 

FoHicHcullus scholasticus Ormiston âc Babcock, 

1979 and F. porreetns Rudenko, 1984 (= E jûpo~ 

nicm of Ishiga 1991) arc présent in our sample 

ARR'l. Because both FoUicucidlus monacanthm 

Ishiga & Imoto, J 982 (Ishiga et al. 1982b) and 

spccics ot genus NeoalbaiUella Takemura 6c 

Nakaseko, 1981 are absent in thi.s .sample, wc 

correlate this fauna with Follicucullus scholasticus 

zone of Ishiga (1986). 
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Unit 8 

Unit 7 

Unit 6 

Unit 5 

A 

B 

C 

D 

E 

F 

G 

H 

Unit 4 

Unit 2 

Unit 3 

-^ARR-7 

-^ARR-1 

Unit 1 

Fig. 3. — Summarized géologie column of the Arrow Rocks. A, fold zone; B, siliceous mudstone; C, bedded siliceous mudstone and 
chert; D, alternation of black shale and chert; E, bedded chéri; F, tuff; G, limestone; H, spllitic basait. ARR-1 and ARR-7 are the hori¬ 
zons where Permian radiolarians occurred (Takemura étal. 1998). 
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Following Ishigas zonation, rhe uppec limits of 

the ranges of Psetidodlbaillella fitsiformis and 

P. aff longivornîs are wichin Follicucullus mona- 

canthus zone or lowcr. However, occurrences of 

thèse cwo spccics in ARR-l are fe\v and they are 

usually less weU preserved than Folïmtadlm. Ir is 

possible that these two species might be rewor- 

ked, or that the ranges might be longer than thaï 

suggested by Ishig^s (1986) zonation. 

The fauna in ARR-l can bcalso correlatcd to the 

Follicucullus japonicus zone of Ishiga (1991) 

because of the co-occurrencc of F. porrectus {-  

F. japonicus) and F. scholasticus ̂and because of 

the absence uf F. rnonacanthus ̂F. charveti 

Caridroit ^ De Wever, 1984, F. hipartitus 

Caridroit ôc r>e Wever, 1984 and NeoalbaiUdla. 

According to the corrélation ol radiolarian zona- 

lion wiili  fusulinid and conodont zonations by 

Ishiga (1986, 1990, 1991), the géologie âge of 

Follicucullus scholasficus zone and F japonicus 

zone is in the vicinity of rhe bonndar)' berw-een 

Middle and Lace IVrniian. 

Résides thcsc species, Kozur (1993) described 

Cariver dorsoconvexus (herein treated as a species 

of the genus Folliciiadlt4s) from Upper Permian 

sequencc in -Sicily, Jraly, F sphaeriais n. sp. was 

figured by Küwahara (1997) as Follicucullus sp. 

A, which is présent in bedded chen of GA sec¬ 

tion in GujO'Hachiman Area, central Japan 

These samples are wichin Neoalbatllella optima 

and N. ornithoformis zones, indicating a l.are 

Permian âge. The ranges of dicse two species, 

Follicuadhis darsoconvexiis and F. sphaericus ii. sp., 

however, ,are not ctarified yet. Phcrelore, we 

regard the géologie âge ol our samplc ARR-I as 

Late Middle or EatJy Latc Permian. 

lakcmiira et al. (1998) reporred Permian radto- 

larians from a üniestone Icns (MAH-5) ai the 

west end ol Mahinepua Pcninsiila (Fig. 2). 

MAH-5 corUiiins Follicucullus porrectus Riidcnko 

and Pseudoidhaillella (?) sp. T'hcy correlatcd this 

samplc with ihc F monacantbiis zone ol Ishiga 

(1986), and with the F japoniais zone of Ishiga 

(1991), bcoiusc ol the absence ol other species 

ol Follicucullus. The géologie âge ol this sample 

is aiso neaj- the Middle/Late Permian boundary. 

Rcccmly l.even & Granc-Mackic (1997) descri- 

bed fusulinids from some limestone lenses within 

spilitic basait at Wherowhero Point (Fig. 2). 

These fusulinids Include Lepid^/litm shiramensis 

Ozawa, 1925, Ncoschwagerina margaritue 

Depmt, 1913 and Yabtina glvLma (Yabc. 1906), 

and the fauna was correlatcd with the Yabeina- 

Lepidoliiia zone. Leven & Grant-Mackic (1997) 

regard the géologie âge of these fusulinids as 

Midian, and mosi samples probably as Early 

Midian. The Midian stage corresponds to the 

Capitanian and late Wordian in Norch America 

(Leven 6c Grant-Mackie, 1997) and Ishiga 

(1990) correlatcd the fusulinid Yabcina- 

Lcpidolina zone with chc radiolarian FolhcucuUus 

numacanrhus and F. scholasficus zones. 

Thus, the chrcc llmcstonc samples within spilitic 

ba.salts from uorchern New Zealand show similar 

géologie âges. Bedded chcris arc sometimes asso- 

ciated with these basalts and arc characicristic of 

océan floor sedimentary scquciices. indced, at 

Arrow Rocks, bedded cherts comformably overlie 

spilitic basait (Fig. 3). The âges of these cherts 

are reporred Irnm rhree localitie.s in the 

Whangaroj Area (Caridroit &C Ferrière 1988; 

Adachi 1988; Takernura et al. 1998) to bc about 

Lare Permian. Thcrelore, the âge of océan Iloor 

sequencc represented by basait and cherr in the 

Whangaroa Area is Middle to Late Permian. 

The radiolarian fauna from Arrow Rocks 

contains two new species oï Folltcncnllu^y 

R sphaericus n. sp. and F. whangaroaensis n. sp. 

The former was already figured by Kuwahara 

(1997) from Japan, but the larier lias not hecn 

reporied yei. These two species are cotnmon élé¬ 

ments within thi.s fauna, and they may reflecl a 

significant faunal diflcrcnce in albaillcllarian dis¬ 

tribution between New Zealand and northern 

hémisphère rcgion.s. 

Leven &L Grani-Mackie (1997), however, aIso 

maintained that the lusulinid launa Itom 

Wherowhero Point showed a clear affînity with 

those in the castern Paleotethys and Panthalassa 

région, and that Üicse limestone blocics had been 

moved from the original site of déposition. 

Becau.se the radiolarian-beai ing limestones which 

wc describe herein show similar géologie âge as 

these fusulinid lime.srones, and because they ail 

oceuf within a restricted area, the radiolarian 

fauna from these samples musi originare from 

near the région where the fusulinids were deposi- 

ted. Therefore, the radiolarian fauna from Arrow 

GEODIVERSITAS • 1999 • 21 (4) 757 



Takemura A., Morimoto T., Aita Y., Hori R. S., Higuchi Y., Spôrli B. K., Campbell H. J., Kodama K. & Sakai T. 

Rocks originated in a low-latitude area of Middle 

to Late Permian timc. 

SYSTEMATIC DESCRIPTION 

The following description was madc by rhe first 

author, Takemura A, The type specimens are 

deposited ar Hyogo University of Teacher 

Education. 

Subclass RADIOLARIA  Müllcr^ 1838 

Order Poi.YCYS'I lNA Ehrenberg, 1838 

miend, Riedel, 1967 

Suborder ALBAILLELLARIA  Dcflandre, 1953 

eintntd. Holdswonh, 1969 

Family Ai^BAILLELLIDAE  Deflandre, 1952 

emend. Holdswonh, 1977 

Remarks 

Cheng (1986) classified Albaillellaria Into two 

groups, Albaillellacea and Eoilicucullacea, based 

on rhe presence of a cross-bar, Ehis criterion is, 

however, applicable only for verv well-pre.served 

specimens, and we cannot observe such fragile 

parts in most Permian samples. 

Kozur (1981, 1993) and Kozur Mostlcr 

(1989) described many généra for Permian 

albaillellarians with conical shells. His classifica¬ 

tion seems to be so minute that sornetimes we 

cannot make genenc assigtiment. In this paper, 

the first author thorefore adopis four généra for 

Permian albaillellarians, Albaillella Dcflandre, 

1952, Psiudücilbctilhllü l loldsworth & Jones, 

1980, F(dlkui'u/ls4s Oïm\stvn & Babcock, 1979, 

and NeaaibailLUa Takemura & Nakaücko, 1981, 

same as Ishiga & Imoto (1980), Ishiga (1982) 

and Ishiga et al. (1982a, b). 

Genus Folliciicullus 

Ormiston Ôd Babcock, 1979 

Foliicucullus Onvàsxon &r Babcock, 1979: 332. 
Kozur Mostler, 1989: 181-182. 

Cariver Kozur, 1993: 108-109. 

LadsusY^oaxi, 1993: 109. 

Type SPECIES. — Follicucullus ventricostis Ormiston & 
Babcock, 1979. 

Rkmarks 

Mosi Permian taxonomie works followed rhe ori¬ 

ginal définition of Genus Follicucullus made by 

Ormiston &: Babcock (1979). Only Kozur & 

Mostler (1989) and Kozur (1993) divided ihis 

groupv with descriptions of three new' généra. 

However, rheir divusion are so minute thaï we 

cannot use rhem to assign a genus ro poorly pre- 

served specimens. Tberefore, for this paper, the 

autlroi regards rhcwsc thrcc gênera as junior syno- 

nyms of the genus Follicucullus. 

The author generally follows ihe spécifie division 

of Follicucidlus csrablishcd by Ishiga (1991), who 

lumped forms of this genus into six specics from 

Permian sédiments in Japan. *l'he>' are F mona- 

canthus Uhiga Imoro, 1982 (Ishiga et al. 

1982b), F. ventricosus Ormiston Babcock, 

1979, F. charveîi Caridroit De Weven. 1984, 

F. scholasticnc Oïxy\hxon ôc Babcock, 1979, 

F/fometus Rudenko, 1984 (= F. japonicus Ishiga, 

1991) and F. bipartitus Caridroit &: De Wever, 

1984. Other than these forms, three species 

A darsocortvexus (Kozur, 1993), F. sphaericus 

sp. and R whangaroaensis n. sp. were distingui- 

shed in ihe sample ARR-1. 

Follicuculltu scholasticus 

Ormiston & Babcock, 1979 

(Fig. 4A, R) 

Follicucullus scholasticus Ormiston & Babcock, 1979; 
333-334, pJ. l.figs 1-5. 

J'ollicucHlius scholasticus Ormiston & Babcock mor- 

phorj'pe I - Lshiga 1985: 180, 181, pl. I, figs 15-21. 

KEMARKS 

Ishiga (1984) proposed rwo morphotypes wiihin 

this species. F scholasticus morphotype I bas 

simple conical shell without undulation and it 

resembles forms described by Ormiston & 

Babcock (1979) under the name of this species 

(Ishiga 1985). In this paper, ihc author follows 

Ishigas taxonomy and F. scholasticus is used for 

forms with simple conical shell without undula¬ 

tion. 

Kozur & Mostler (1989) proposed a new genus 

hhigaconus for Follicucullus forms without shell 

undulation. However, the distinction of this spe¬ 

cies and R porrectus is sornetimes difficult  because 
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Fig. 4. — A, Follicucullus scholasticus Ormiston & Babcock, 1979; B, Follicucullus scholasticus Ormiston & Babcock, 1979; 
C. Follicucullus porrectus Rudenko, 1984; D, Follicucullus porrectus Rudenko, 1984; E, Follicucullus ventricosus Ormiston & 
Babcock, 1979; F, Follicucullus ventricosus Ormiston & Babcock, 1979; G, Follicucullus dorsoconvexus (Kozur, 1993); 
H. Follicucullus dorsoconvexus {Kozur, 1993); I, Pseudoalballlella fusiformis (Holdsworth & Jones, 1980); J, Pseudoalbaillella aff. 
longicornis Ishiga & Imoto, 1980. Scale bars: 100 pm. 
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the undulation or tripartite division of shells is 

often unclear. 

Follicucullus porrectus 
Rudenko, 1984 

(Fig. 4C, D) 

Follicucttllus porrectus Rudenko» 1984 — Beljanskij, 

Nikitina Rudenko 1984, pl. 8, figs3* 10. 
Follicucullus scholasticus Ormisron & Babcock mor¬ 

photype Il  - Ishiga 1984: 430, 431, pi. 1, figs 1-8. 

Follicucullus japonicus Ishiga, 1991: 108-111, pl. 1, 

figs 1-22, pl. 2, fig. I. 

Remarks 

In this paper, rhe author uses this species name 

for intermédiare foems between F. scholasticus 

and F. ventrkosus. Therc arc much variations ol 

shell shapes within rhîs spccies trom samplc 

ARR-l, saine as described by Ishiga (1991). Such 

variation.s .seem ro be couünuous Irom simple 

conical shapc of F. schoLmicus ro clearly tripartiie 

F. ventricosus wirh inflaied sphcrical pseudo¬ 

thorax. Therefore, it is somerimcs difFicult to dis- 

tinguish this species from die other cwo species. 

FoUicuetMus tfe7itncosm 
Ormiston & Babcock, 1979 

(Fig. 4E, F) 

Follicucullus iferirricosus Ormisron & Babcock, 1979: 

332-333> pl. 1, figs 6-14. 

RKMARK-S 

Ishiga (1991) made a compari.son between 

R porrectus (= F. japonicus) and F. ventricosus 

under the dc.scripcion of the former species. He 

used the widrh/lengrh ratio (W/1 ) of shells, 

strongly inflated pseiidothorax and existence of 

groove (sinus) on pseudorhorax as criteria to dis- 

tinguish these two species 

F ventricoms of the présent scudy lias strongly 

inflated and subspherical pseudorhorax and a 

distinctly tripartite conical shell. However, there 

is usually no groove on rhe dorsal sidc of pseudo¬ 

thorax as seen in F. dorsoconvexus. The author 

tcntativcly include tripartite forms without 

grooves on subspherical pseudothorax wîthin 

F ventricosus in iliis paper. Tlie dillerencc be¬ 

tween this species and F. porrectus is only the 

degree of inflation of rhe pseudorhorax, and the 

variation between rhem seems to be continuous. 

Folltcuctillus dorsoconvexus 
(Kozur, 1993) 

(Fig. 4G, H) 

Cariver dorsoconvexus Kozur, 1993: 109, pl. 1, figs 15- 

17, 19. 

Remahks 

Ktjzur (1993) proposcd a new genus Cariver for 

Follicucullus species wich curved shell and apertu- 

re perpendicular to che shell axis. If  we adopc 

such minute generic divi.sioii, wc can assign 

gênera only for well-prcscrved specirnens. 

F dorsoconj^exus rcscmblcs to /: ventricosus. Both 

two species hâve tripartite shell wich inflated 

pseudoabdomen and sinus on ihe dorsal sidc of 

the shell. The aperrurc is somecimes nor cxactly 

perpendicular to the shell axis, because the dorsal 

side of the shell wall becomes shorter (Fig. 4G). 

Follicucullus sphaericus 
Takemura, n. sp. 

(Figs 5A-F, G) 

Follicucullus sp. A. — Kuwahara 1997, pl. 2, fig. 8. 
Follicucullus (?) sp. - Takemura et ai 1998, pl. 1, 

fig. 13. 

Types. — Holotypc HUTE-R-4024 (Fig. 5A), para- 
types HUTE-R-4()25 (Fig. ^B) and HUTE-R-4026 
(Fig. 5D). 

Etymoi.OCY. — The .species name was derived from 

the characteristic .shapc of this species. 

MF.ASUKEMFNTS. — Lcngth of shell, 260-350 pm; 
iength of upper conical part, 120-180 pm; widch of 

shell, 160-230 pm; width of the base of upper conical 
part> 50-110 pmrmeasured in 28 spécimens. 

De^scuiimion 

Imperforate and smooth shell composed of two 

parts, upper conical part and lower part with 

flattened hcmi,spherical shape. The upper conical 

part slcndcr, and straight or .sometimc.s slightly 

curved dorsally. The lowcr portion of tins conc 

olten slightly inflated. The inflated and curved 

lower part large with smooth surface and 
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Fig. 5. — A, Follicucullus sphaericus n. sp , right laleral view, holotype (HUTE-R-4024): B, Follicucullus sphaericus n. sp.. left latéral 
view, paratype (HUTE-R-4025): C, Follicucullus sphaericus n. sp., a broken specimen showing the inner surface of the intlated lower 
part, a hook-shaped Irace of the Inner wall can be observed, D. Follicucullus sphaericus n. sp., right latéral view, paratype (HUTE-R- 
4026); E, F, Follicucullus sphaericus n. sp.. apertural view of parily broken specimen, a tube-like ventral spine arises upward trom 
the edge of bended wall; G, Follicucullus whar}garoaensis n. sp., right laleral view, holotype (HUTE-R-4027); H, Follicucullus whan- 
garoaer)sis n. sp.. left latéral view, paratype {HUTE-R-4028); Follicucullus whangaroaensis n. sp., ventral view, paratype (HUTE-R- 
4029). Scale bar; A. B, D, E. G-l. 100 pm; C. 83 pm; F, 20 pm. 
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Upper part 

Lower part 

Fig. 6. — Schematic diagram of FollicucuHus sphaericus n. sp. The inflated lower part of the Shell is so strongly curved that the aper- 
ture opens upward. WIthin the inflated lower part, the Shell wall of ventral side is curved and tumed upward. Then, both dorsal and 
ventral spines aiso extend upward. 

showing a semicircular shape in latéral view. Two 

apertures présent on the lower part. A large aper- 

ture situated at the ventral side of the upper 

conical part and opening upward. This large 

aperture subelliptical in shape and tapering dis- 

tally hom the upper part. One more small aper- 

ture opening at the distal end of the shell in 

welhpreserved specimens. This smalJ aperture 

teardrop-shaped and opening loward the ventral 

side of the shell, with srnall dorsal spine or flap 

originating the lowet end of this aperture. Insidc 

the shell wall of the inflated and curved lower 

part, the ventral side of the shell wall of conical 

part strongly curved and turned upward. Tube- 

like ventral spine extending upward from the 

center of the turned end of the wall. 

Remarks 

In the broken specimen (Fîg. 5C), the trace of 

the shell wall could be observed on the inner sur¬ 

face of the lower inflated part of the shell. The 

trace is smoothly continuous from the upper 

conical part and somewhat inflated within the 

lower part, which resembles the inflated pseudo- 

thorax of F. porrcctus or F. ventricosus. Then, the 

trace is curved -strongly and turned upward. 

Frorn the turned end of this wall, cylindrical 

tube-like spine is arises upwanl inside the shell 

wall (Figs 5E, F, 6). This skeicton is homologous 

wirh a ventral spine or flap of other FollicucuHus 

spccies. A small dorsal flap aIso exists helow the 

small aperture on the distal part of the lower 

shell. 

The upper conical part often shows slighr infla¬ 

tion on its lower portion similar to the pseudo- 

thorax oi F porrectus or F. ventricostL^. Therefore, 

the upper conical part of F. sphaericus n. sp. is 

homologous either with the apical corn jlone or 

with both apical cône and upper pseudothorax of 

the other FollicucuHus species. The lower shell 
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shape of this new species was formed by the 

strong bcnding and inflating of the pseudothorax 

and pseudoabdomen of the other species like 

F. porrecws or E dorsoconvexus. 

R sphaericus n. sp. differs from ail the other spe¬ 

cies of Follicucidluî in its flattened hemispherical 

and curved shell shapcv its aperture opening 

upward, and boih ventral and dorsal flaps arising 

upward. The characterisric shape of this species 

resembles that of PscudonlbfliLlelLz bulhasa Lshiga 

(Ishiga 1982: 335, pl. l, figs 8-13, 16, 17). Ihe 

strongly intlated and curs^cd pseudoabdomen of 

P. bidhosa is quite similar to the lower part of 

F, sphaericus n. sp., except for a small flap of the 

former species. F sphaericus n. sp. does not hâve 

pseudothorax and wings observed in Pseudo- 

alhaillella, P. bidhosa ranges from Laie Carboni- 

ferous to Early Permian in âge, and there should 

be no direct phylogcnetic relationship berween 

these two species. /T sphaericus n. sp. should be 

cvolvcd frorn the other Follicucullus species like 

F porrectus or F. dorsoconvexus. 

Follicucullus whangaroaensis 

Takemura» n. sp. 

(Fig. 5G-I) 

Follicucullus — T-ak&mnx  ̂et ai 1998. pl. 1, fig. 14. 

Types. — Holorvpe HUTE-R-4027 (Fig. 5G), para- 

type HUTE-R-4028 (Fig. 5H) and HUTE-R-4029 

(Fig. 51). 

Etymology. — The species name is after Whangaroa 
Area in Northland, New Zealand, where Arrow Rocks 

is located. 

Measurements. — Lcngth of sheil, 240-330 pm; 

length of apical cône, 130-180 pm; width of shell, 70- 

110 pm; width of the base of apical cône, 60-70 pm; 

measured in 12 specimens. 

Description 

Impcrforate conical shell slightly curved ventral- 

ly, and undulated at the lower part with two dis¬ 

tinct inflated rings. Apical cône wirh smooth 

surface and with a length more than half of the 

total shell. Apical cône slightly flattened laterallv 

and curved ventrally. In some specimens, vague 

ring-like inflation observed at the lowest part of 

apical cône. The lower part of the shell distinctly 

undulated in dorsal or ventral view. Two rings 

inflared laterally berween apical cône and apertu- 

ral région, with circular shape in transverse sec¬ 

tion. Distinct furrows existing berween the two 

rings, and berween the lower ring and inflated 

apertural région. In dorsal or ventral view, shell 

distinctly undulated becau.se of ihe.se ring.s and 

furrows. A vague furrow may dlvide apical cône 

and the upper ring, ’Fhesc furrows not présent or 

becoming weak at the dorsal and ventral sides of 

this ring région. The outline of the shell not 

undulated distinctly in latéral view. The aperru- 

ral région, the Jowermost part of conical shell, 

inflated like rings. Two small spiiics or flaps, dor¬ 

sal and ventral ones, arising obliquely downward. 

Remarks 

F ivhangaroaensis n. sp, differs from the other 

species ol Follicucullus by its banded lower shell. 

This kind of rings has never been observed in the 

other FoUicucullus spedes. The author included 

this new species wiihin genus Follicucullus becati- 

se of the similârity of its shell .shape to other 

Follicucullus  ̂sucii as F scholassicus or F. pofreetns. 

The ring région of this species may correspond 

with inflated pseudothorax of rhe other species. 

Similar structure ta this undulated shell with 

rings was observed in the pseudoabdomen of 

Pseudoalbaillelld globosa Isliiga & linoio (Ishiga 

et al. 1982b). P. globosa has cite ring and inflated 

apertural région below the spherical pseudo¬ 

thorax with two wings. The author considers 

that there is no direct phylogcnetic relationship 

between thcsc two species. 

Genus Pseudoalbaillella 

Holdsworrh & Jones, 1980 

Pseudoalbaillella Holdsworth & Jones, 1980: 

284. - Ishiga, Kîto & Imoto !982b: 274, 275. 

1‘YEE Si'ECIES. — Pseudoalbaillella scalprata 

Holdsworth & Joncs, 1980. 

Remarks 

Ishiga & Imoto (1980), Ishiga (1982) and Ishiga 

et al. (1982a, b) assigned this genus for Late 
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Paleozoic albaillellarian.s wirh conicaK usually 

imperforate and tripartite shelU and with two 

wings on thc inflated pseudoahdomen. The 

aurhor follows thcir taxonomy of this genus. 

Pseudoalbaillella fusiformis 

(Holdsworth & Jones, 1980) 

(Fig. 41) 

Parafollîcucidlusfitstfonvis Holdsworth &  Jones, 1980: 

285, Figs D, E. 
Pseudoalbtullella fusiformis (Holdsworth & 
Jones) - Ishiga, Kiro & Imoto 1982b: 275, 276, pl. 4, 

figs 10-12. 

Remarks 

Most specimens of this species exrracted from 

ARR'l are more or less broken. The préservation 

of this species seerns to be wor.se than thar of 

Follicucullus. 

Holdsworth &: Joncs (19S0)‘ dcscribed this spe¬ 

cies as ParafoUiaictillxis fusiformis and they regar- 

ded thc existence of a ring-like prepseudo- 

abdominal segment as a criterion ol lliis genus. 

However, some spécimens irom ARR-1 hâve no 

ring on their pseudoabdotnent 

Pseudoalbaillella aff. longicomis 

Ishiga & Imoto, 1980 

(Fig. 4J) 

Pseudoalbaillella sp. afF P. longicomis Ishiga & 
Imoto - Ishiga, Kito & Imoto 1982a: 18, pl. 3, 

fig. 11; 1982b: 275, pl. 2, Figs 1-7. 

Remarks 

Most specimens of this form are broken and 

their préservation is usually poon The total shape 

and size of this form b almost same as the upper 

hall of P. fusiformis. 
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